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GROUP CALLS IN A MOBILE RADIO SYSTEM 



FIELD OF THE INVENTION 

nns invention relates to calling patterns in mobile radio systems, particularly but not only 
to wide area group calls in packet switched data networks. 

BACKGROUND TO THE INVElsfTlON 

A common calling pattern in mobile radio systems is a wide area group call in which 
multiple mobile users served by multiple sites can all converse. These calls maybe 
implemented in trunked, simulcast and voted conventional networks. Base stations 
provide an air interface for the users. When a user speaks they are heard by all other 
group members on aU sites participating in the group. 

Sometimes two users at different sites speak at tiie same time. In analogue 
conventional and simulcast networks a centrahsed voter is commonly used to arbitrate or 
choose one signal to be broadcast by the base stations. Tnmked networks often use a 
centrahsed conference bridge to mix the audio received from all of the participating sxtes. 
Circuit switched telephony also generally uses a centrahsed conference bridge. Packet 
voice systems typically use- a range of approaches for conference calls including a • 
centralised multi point controller. 

Conventional systems have various drawbacks. There is a reduced choice of 
speech paflxs and calls must be sent through a voter, bridge, controller or other centrahsed 
component, even if the base stations serving the users are close together. This component 
can be a common point of feilure. Tliese systems are not fully scalable and tixe central 
component usually accommodates only a fixed number of base stations. It may be 
umiecessarily expensive m both small and large networks, and is simply another 
component in tiie overall struchire of a network. 



SUMMARY OF THE INVENTION 

It is an object of tixe invention to provide an improved method of arbitrating group caUs in 
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. digital mobUe radio system, or at least to provide an alternative to existing methods. In 
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general terms the base stations that are serving mobile units in a caU each announce the 
nature of the signals that they are receiving. The stations then each compare the signals 
and decide which signal will be broadcast to the mobile units, without need of a central 
component. The signals are preferably transmitted between base stations via a packet 
network using IP multicast 

Jn one aspect the invention may be said to consist in a method of operating a 
packet network having base stations for communication with mobile units, comprising: 
initiating a call involving a group of mobile units, receiving a signal at two or more of the 
base stations &om one of the units, deteimining a respective priority parameter the signal 
received at each base station, adding the priority parameters to at least some packets of 
the respective signals, transmitting the signals containing the priority parameters to the 
network, receiving the signals at base stations for transmission to mobile units in the 
groiq), and transmitting the signal having a selected priority parameter to the unit 

Preferably the method includes ceasing transmission to the network, of a signal 
received from the mobile unit, after detennining that the signal has a priority lower than 
that of a corresponding signal received from the network. Also commencing transmission 
of a signal to the network, received from the mobile unit, after detennining that the signal 
has a priority greater than that of a corresponding signal received from the network. 

Preferably the priority parameter is determined by quality of the respective signal 
received from the mobile, and the signal transmitted to the units is selected according to 
highest quaHty. Alternatively the priority parameter may be determined by a priority 
allocated to the calling unit. The priority parameter of a signal is generally set to a 
termination value when the signal ends. The priority parameter may or may not be sent in 
a voice packet, and could be sent in a special voting or quaUty packet, or included in a 
25 padcet that contains other signalling data. 

In a further aspect the invention consists in a method of operating a packet 
networic having base stations for conmiunication with mobile units, comprising: initiating 
a call involving a group of mobile units, receiving signals at two or more of the base 
stations from two or more of the units, determining a respective priority parameter for 
30 each of the signals received at a base station, adding the priority parameters to at least 
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some packets of the respective signals, transmitting the signals containing the priority 
parameters to the network, receiving the signals at base stations for transmission to 
mobUe units in the group, and transmitting the signal having a selected priority parameter 
to the units. . 

Preferably the metiiod further comprises ceasing transnadssion to the network, of 
each signal received from a mobile unit, that has a priority lower than that of a 
corresponding signal received from tiie network. 

In a ftcrther aspect the invention consists in a communication network or a base 
station for a network that implements or assists in a method as set out above. 

The invention also consists in any alternative combination of features that are 
^ shown or indicated in the specification. All equivalents of these features are included 
whether or not expressly set out. 



LIST OF FIGURES 

15 Preferred embodiments of the invention will be described with respect to the drawings, of 
which: 

Figure 1 shows a mobile radio system having a core network, base stations and 
mobile units. 

Figures 2-7 are a sequence showing, the user of a mobile unit in Figure 1 talking in 
20 a group call. 

Figures 8-10 are a sequence showing users of two mobile units attempting to talk 
in a group call. 

Figure 1 1 shows detail of typical messages transmitted between the mobile units 
and the base stations in relation to Fiigures 2-10, 
25 Figures 12-15 summarise the states and transitions between states of a base station 

in Figures 2-11. 

DESCRIPTION OF PREFEEiRED EMBODIMENTS 

Referring to the drawings it will be appreciated that group calls according to the invention 
30 may be implemented in many ways in a range of networks. Details of the mobile units. 
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base stations and netwo*s wiU be understood by a skiUed reader and have not been 

included. 

Figure 1 sohematically shows a mobile radio system having a core network and 
five base stations A-E serving mobUe units. Tie core network i. a packet network usmg 
fteIntemetProtocol,fbrexann.le,thatm^becomwctedinvadousways. Each base 
station generally has an irregular area of KF service that may overly with the service 
areas of other stations. The units may be within range of several base stations at once but 
are generally captured by one or other station according to the <piaUty or other aspects of 
theix respective signals. The units may participate in group calls using IP multicast 
techniques within the core n«work. Packets flom a talker unit are distributed betwe«. 
base stations in the netwo* and broadcast to other units in the group. 

Sigmds received at base stations involved in a group caU are of varying quality 
depending on how close flie transmittmg mobUe or mobiles are to the stations. The 
signals may be given priority in accord with their quality, or with another parameter such 
as status of the mobUe user, to order to determine how they will be broadcast to the 
group Qualityisusuallymeasuredintennsofreceivedorresidualbiterrorrate. Base 

stations transmitting voice packets to a multicast address in the core network attach a 
quaUty metric or similar parameter to at least some of the padceU that they s<md. Stations 
receiving RF signals ftom mobUe units compare the quality metrics m signals ftom the 
networkwiflithoseinsignalsftomfheRFKnks. The comparison by each stationwused 
to deteimme whether to start, oonttaue or cease sending to the multicast 

Hgure 2 shows Bie user of a mobile unit withm range of two base stations A and 
B starting to talk to a group of units. The KF signal at station A has higher quaUty than 
tl^e signal at station B. WtiaUy both stations send thdr received signal to the multicast 
address in the core network and both include respective quaUty metrics in at least some of 
the packets Ihey send. Stations C. D. B receive both signals and determine thrt fl» qualrty 
of A is greater than that of B, and therefore that the signal recMved ftom A should be 
transmitted on the RF link to other units in the group. Station B also receives the signal 
ftom station A and transmits that signal locally to other mobiles, rather than tiie dgnal it 
has received itself ftom the talker unit Station A receives the signal ftom station B and 
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,^,s«>esignalrecciveddi.ecayftomttetalk«™itratt«thantesig.alft<.m 

Station A. , <• x ^ a 

to Figare 3, base station B determines that the signal r.ceiv»i ftom stason Ahas 
higher quaUty than the signal received locaUy ftom the talker unit, and ceases to s=td the 
local signal.othene.work.S.ationsC.D.Ereceiveandbroadcast only thesis ftom 

station A. The signal ftom stationAmayormaynotcontin«e«.includea<^tymetr,c 

or other priority parameter. 

in Fignre 4 the talker unit has moved closer to station B so ttat the sxgnal received 
a. stationBhas higher quality than that of station A. However. stationAhasnot ye. 
.^^.tedanewquaUty indicator sotransmission to thenetworkbystadonAo^tnues. 
stationBrenuuns silent inrelationtothisparacular call St.aonsB.C.D.Bcontmue 

to broadcast flie signal ftom station A. 

to Figure 5 station A now sends a quality mdicator in the signal to the netwotk. 
Art indi^mi^be sent at regular intervals or according to acn^cT^n^ofthesig^^ 

fc, example. Station B compares the quaUty indicator to the quaUty of the stgnal t^t .s 
^ved locally ftom the talkernnitStationBdetennmes that the local quality .shtgher 

fl^ that of thesignalftomstationAand starts sendmgthelocaUy received signal to the 

network. . ^ ^ ^ k 

to Figure 6 all base stations have r«»ived the muldcast signal ftom stations A and 
B Eachdet^minesthatthesignalftomBhashigherquaHtythan the signal ftom station 
Aandbroadcast the signal ftomstationBto units inflteg«>up can. StationAceases 
„,^„nofitalocaUy received si^ and transmits the signal ftomBtoboth the 

netwo* and the local units mvolved in the call. 

to Figure 7 lh« user of the talker unit stops speaking and station B mdicates this to 
«,erestof,h.netwo*.For««nple.asignalhavingthelowes,possiblequalityoranull 

parameter is sent as aie signal is terminated. 

Figure 8 shows users of two mobile units m a group caU starting to talk at the 
sametimcTalkerunitXiswiflnnrangeofbasestationsD aodE. Talker unit Y is wiihin 
^geofbases,ationsEandA.Atsta.ionB.unitXhasas.rongerorbetterqual..ysigna^ 
, thanmntYandunitXtakesprecedencebyacaptureeffeC. Stations D. B and A all send 
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tteir signals locallyreceived£romumtsXorY.oih=nc«,o*.E«haddsaquali^, 

metric to the signal. ^ a ^i. 

to Figure 9 aU base stations are receiving the signals ftom stations D. B, A through 
fl^enetwortincludingacpaaUtymetric. However, the signal ftoM station D for «m. X 
s hasthehighe^q».U.yandonlyaatsigualisbroadoasttotheoflterunitsintheoaU.A 

session contit«n.y mechanism ensures that «re signal fiom unit X continues umnt^pted 
by signdsftom other units at «hichauser attempts to talk and that may have higher 

quality than that from unit X. 

In Figure 1 0 stations E and A have received the quality indicator in the signal 
,0 fromstationDandceasetransmissionoftheirlocallyreceivedsignals. All stations now 
) broadcastthesignalreceivedfromunitXbystationD. 

Figures 11-15 set out further details of the process described above and are 

generally self explanatory. 

15 Sending a Qmlity Metric v ,„*„tt,^ 

• Trafficchannelsthatarereceivingdataoverflieairinterfacemaytransm.tpacketsto 

xnulticastaddressassignedtothegroupcall. Tl.ey will generally send packets to the 

multicast with a quality metric in the following- situations: 

. Ti^eyreceiveapacketfromthenetworkwithaquaHtyindicatorthatisworsethanthe 

20 quality of data they are currently receiving on the air interface. 

.. Hxereisapauseintheconversation,theyarenotreceivinganypacketsfromiiie 

• networkbut they start receiving data on the air interface. 

. Theyarecurrentlysendingpacketstothenetworkbutthequalityofthedatareceived 

on the air interfece degrades significantly. Hiis will prompt abase station with a 

25 better signal to start sending to the multicast. 

. Tlxeyarecurrentlysendingpacketstothenetworkbuttheystopreceivingdataonthe 

air interface. This may indicate a pause in the conversation. 
. Tteyarecurrentlysendingpacketstothenetworkbuttheyhavenotsentaquality 

indicator for some time out, 5 seconds for example. It may be desirable to send a 
30 quaUty metric with every voice packet. 
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Tie tofficcham^el currently seadingpaokeUtotonet»oAco,«rote re-voting by sliding 

the quality metric. , 

ae quality metric may cr may not be carried on a packet that inctodea vo.ce data. 
The packet may be a special voting or quality packet or a packet that carries other 
signalling data. 

Receiving a Quality Indicator 

When traffic channels receive p»*ets 6om multiple somx«s thq, «ill use the most 
recentlyreceivedquaUtymc^icirom each source to d^de which one to transmit onflie 

air interface. Only the packets ftom the source with the best quaUty indicator wiU be sent 
Traffic chaunels which are sending data to the multicast will stop transmitting rfth^ 
receive a packet with a better quaUty indicator than they are currently rec«ving on die au: 



interface. 



15 Over Procedures , ^ 

A. the start of each over(atalkburst during conversation) all the traffic channels that are 

™=eiving data on the air interftce wiU sad packrts to the multicast address. Only the 
traffic channel with the best qoahty signal received on tt-s air interfece will continue 

sending to the multicast The others will stop transmitting as they r»=eive packets wrth 
20 betterquaUty>ndioators.The^ccham.elsendingto.hemnlticastwillporiodrcaUy 

s«rd a quaUty indicator. This is an opporhmity for other traffic ch^mels to become the 
talker if they have a better signal. 

At the end of each over (when tire current talk« stops talking and releases PTI) 
a>e base station currently sending to the multicast wiU send an end of over indication. 
25 Ms indication may sunply be a quality metric indicating the lowest possible quahty. 
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